Background: Recurrent shoulder dislocation after surgical intervention in adolescents with anterior instability is now understood to occur with a relatively high frequency. The remplissage procedure is successfully used in the adult population to mitigate the ability of a Hill-Sachs lesion to engage the anterior glenoid and can be used during an arthroscopic Bankart repair for anterior shoulder instability.
Recurrent anterior shoulder instability is a costly and debilitating problem that has challenged orthopaedic surgeons. Recurrent dislocations lead to structural damage to the shoulder joint 30 as well as functional disability and reduced work capacity. 23 A Hill-Sachs lesion 16 occurs in 47% of first-time shoulder dislocations and is present in up to 90% of recurrent dislocations. 3, 5, 26 Risk factors for recurrent instability following an isolated Bankart repair without addressing the humeral head injury include age, number of dislocations, size of HillSachs lesion, amount of glenoid bone loss, and bipolar bone loss. 4, 19, 21, 27 Several procedures have been described to address the humeral head osseous deficiency, but most require an open procedure and have high complication rates. 6 Purchase et al 22 described an arthroscopic Bankart repair combined with a method of filling the humeral head defect with the infraspinatus tendon and posterior capsule ( Figure 1 ). 7 The remplissage (French, "to fill in") procedure during arthroscopic stabilization prevents recurrent dislocations in 2 ways: (1) the infraspinatus tenodesis acts as a checkrein against anterior translation of the humeral head, and (2) filling in the defect with the tendon and capsule converts the Hill-Sachs lesion to an extra-articular defect, preventing it from engaging the glenoid. 3, 6, 22, 29 Promising outcomes following a remplissage procedure in adult patients with large Hill-Sachs lesions without significant glenoid loss have been reported in the literature. 3, 6, 8, 17, 22 Wolf and Arianjam 29 evaluated the 2-to 10-year outcomes of 45 patients after a remplissage and reported a 4.4% recurrence rate and no significant decrease in range of motion. Boileau et al 3 reported a 90% return to sport after remplissage with a 10 reduction in external rotation that did not limit the patients' athletic performance. To date, insufficient literature has directly compared the outcomes between arthroscopic Bankart repairs with an arthroscopic remplissage and an isolated Bankart procedure for adolescents with recurrent anterior shoulder instability and the presence of a Hill-Sachs lesion. Therefore, the purpose of this study was to compare the outcomes in adolescents with recurrent shoulder dislocations who underwent a Bankart repair only versus a Bankart repair with remplissage procedure. Our hypothesis was that the adolescent patients undergoing remplissage would have a lower rate of recurrent instability and outcome scores that were equivalent or better than those undergoing Bankart-only repair.
METHODS
An institutional review board-approved shoulder instability database that was created by using surgical Current Procedural Terminology codes 29806, 29807, and 23465 was retrospectively reviewed for adolescents who underwent an arthroscopic Bankart repair and remplissage procedure without any form of coracoid transfer to the glenoid from 2009 to 2017. These patients constituted the remplissage cohort. Adolescents with a prior remplissage, coracoid procedure, or multidirectional instability were excluded. Patients who had undergone a previous failed Bankart repair but then underwent revision arthroscopic Bankart repair and remplissage during the study period were included. Demographic data were recorded, including date of birth, date of first dislocation, number of dislocations, mechanism of dislocation, primary sport, and laterality of injured extremity. In addition, specific information regarding the shoulder was recorded, such as previous shoulder procedures and trials of conservative management.
All patients underwent preoperative magnetic resonance imaging (MRI) with arthrogram, and information was recorded such as extent of labral tear; presence and size of Hill-Sachs lesion on axial image 20 ; presence and amount of glenoid bone loss 18 ; size of humeral head, glenoid, 24 and labrum; glenoid version 11 ; and any other associated injury or disease. Routine computed tomography scans are not performed at our institution, in an attempt to minimize both radiation exposure in this pediatric population 1 and medical costs. Additionally, MRI has been shown to be a reasonable alternative in both diagnosing and quantifying bone loss. 14, 15 The same shoulder instability database was used to then develop a control cohort of patients with anterior shoulder instability who were matched based on age at the time of the index surgery, sex, primary sport type, radiographic size of Hill-Sachs lesion (depth and width) (Figure 2) , and whether the lesion was "on-track" or "off-track" 9 ( Figure 3 ); the control patients had undergone arthroscopic surgery for their Bankart lesion without a remplissage. These patients constituted the Bankart-only cohort. Patients with reported multidirectional instability were excluded. A previous Bankart procedure to the affected shoulder was not an exclusion criterion, but the index procedure for the purposes of this study was selected based on the most recent procedure following the MRI that identified the presence of a Hill-Sachs lesion. The same demographic information, injury-and shoulder-specific data, and preoperative MRI findings were recorded for the Bankart-only cohort, as described above for the remplissage cohort.
All procedures were performed at a single institution by 1 of 2 orthopaedic surgeons. For both cohorts, intraoperative data were recorded such as type of procedure performed, extent of labral tear, presence of a Hill-Sachs lesion and/or glenoid bone loss, and number of suture anchors used. The number of suture anchors counted included the combined total number of anchors for the Bankart and remplissage during the procedures.
All patients received general anesthesia with a regional block prior to the procedure. Patients were positioned in the lateral decubitus position on the operating table. The Bankart repairs were performed with suture anchors by use of either knotless suture anchors or square knot tying technique based on surgeon preference. The amount of tissue used in the anteroinferior plication was determined by restoring normal tension on the anterior capsule and the anteroinferior glenohumeral ligament. The remplissage was performed by use of an accessory posterolateral portal through which 2 anchors were placed in the nadir of the Hill-Sachs deformity. In the remplissage cohort, 3 patients underwent a concomitant posterior labral repair and 2 patients underwent a superior labrum anterior and posterior (SLAP) repair. In the Bankart-only cohort, 7 patients underwent a concomitant posterior labral repair and 3 patients underwent a SLAP repair.
The postoperative protocols for both the remplissage and the Bankart-only cohorts were identical. Patients were immobilized for 2 weeks, followed by use of a sling for an additional 4 weeks. During this sling phase, the patients began performing pendulum swings only, then progressed to formal physical therapy with passive and active-assisted range of motion. Once 80% of motion was achieved (usually 6-8 weeks postoperatively), strength rehabilitation (with a focus on medial scapular stabilizers and the rotator cuff complex) was continued until more than 80% of strength and 90% of motion were achieved. The patients were not released to full activity or contact sports until after 6 months. The PASS survey consists of 13 questions that assess symptoms, limitations, need for compensatory mechanisms, and emotional distress related to shoulder dysfunction. 10 Patient responses are on a 0-5 or 0-10 scale, with a score calculation normalized to the number of total possible points (100 indicates minimal impact on quality of life from shoulder dysfunction). The direction of the responses is varied to identify bias in responses by the patient. The QuickDASH is a responsive, validated, and reliable patient-oriented outcome measure for assessing upper extremity disability. A higher score means greater disability, with 100 points indicating a completely disabled extremity and 0 points indicating a "perfect" extremity. 2 With the SANE score, which is a validated outcome measure, the patient rates the shoulder as a percentage of normal, with 100% being normal. 28 The values of the same surveys were also recorded from the most recent postoperative visit.
Postoperatively, all patients were contacted by telephone and asked whether they had experienced any recurrent dislocation of the operative shoulder, defined as a true gross dislocation of the glenohumeral joint, or any subsequent surgeries on the operative extremity. Recurrence of instability was defined as any subluxation event and/or uncomfortable excessive translation of the humeral head that left the patient with a feeling of instability. Surgical failure was defined as any reported recurrent dislocation, recurrent instability, or need for another shoulder procedure. Additionally, the patients completed the PASS, QuickDASH with the DASH Figure 2 . Axial T1-weighted magnetic resonance image of a large Hill-Sachs lesion with minimal glenoid loss that underwent a remplissage procedure. The width and depth of the Hill-Sachs lesions were measured on the axial slice, demonstrating the largest size of the lesion in the plane of the infraspinatus tendon insertion. Image courtesy of SD PedsOrtho. Sports module, and the SANE. Patients were also asked whether they were able to return to their primary sport.
Continuous data were compared between the two groups through use of 1-way analysis of variance. Data were checked for normality and homogeneity of variances. If either of these assumptions was violated, a nonparametric Mann-Whitney U test was used. Categorical variables were compared with a chi-square test or Fisher exact test. Analyses were performed with SPSS v 24 (IBM Corp), and alpha was set at P < .05 to declare significance.
RESULTS
Twenty-one adolescents underwent a remplissage procedure for recurrent shoulder instability with a Hill-Sachs lesion; they had a mean age of 18.2 ± 2.6 years, and the mean size of the Hill-Sachs lesion was 5.9 ± 5.3 Â 16.1 ± 5.7 mm (Figure 4) . The 20 matched controls in the Bankartonly cohort had a mean age of 17.7 ± 1.9 years and a mean Hill-Sachs lesion size of 4.0 ± 1.5 Â 14.5 ± 4.4 mm ( Table 1) . The Bankart-only controls were matched by sex, with a mean age difference of 0.71 years and a mean Hill-Sachs depth difference of 1.26 mm and width difference of 1.96 mm. No patients included in this study had more than 20% glenoid bone loss.
No statistical difference was found in the sex distribution between the remplissage cohort (17 male patients, 81%) and the Bankart-only cohort (16 male patients, 80%) (P ¼ .939). No significant difference was noted between the number of off-track Hill-Sachs lesions between the remplissage cohort (6/19 patients, 32%) and the Bankartonly cohort (3 patients, 15%) (P ¼ .273). No significant difference was found in the mean number of suture anchors used (P ¼ .988). One patient in the remplissage cohort had undergone MRI outside our facility and the results were unattainable, but radiology and intraoperative reports confirmed a Hill-Sachs lesion without reporting the size. A second remplissage patient without a matched control was 4 years older than any patient treated at this children's hospital for a Bankart repair. This patient was not included in the comparison analysis.
All patients reported preoperative dislocation requiring reduction except for 2 patients in the Bankart-only cohort who reported only subluxation with spontaneous reduction. In the remplissage cohort prior to surgery, 17 patients had !3 dislocations, 9 patients had undergone a failed prior Bankart repair, and all but 2 patients had attempted a trial of conservative treatment. In the Bankart-only cohort prior to surgery, 13 patients reported !3 dislocations, 2 patients had undergone a failed prior Bankart repair, and all but 2 patients attempted a trial of conservative treatment. For the remplissage group, the primary sport was selfidentified by 5 patients as football/rugby, 4 patients as soccer, 3 patients as outdoor activities, and 1 patient each as baseball, volleyball, gymnastics, track and field, lacrosse, hockey, weight lifting, martial arts, and extreme sports. In the Bankart-only group, the primary sport was selfidentified by 6 patients as football, 3 patients as baseball/ softball, 2 patients as swimming, 2 patients as martial arts, and 1 patient each as gymnastics and circus performing. The remaining 5 were unknown, or no sport was reported in the records. 
Recurrence
Thirty-two patients were available for the telephone interview in both treatment cohorts at a mean follow-up of 2.6 years in the remplissage cohort (n ¼ 15) and 4.2 years in the Bankart-only cohort (n ¼ 17) (P ¼ .366). Significantly fewer recurrent dislocations were noted in the remplissage cohort (n ¼ 2) compared with the Bankart-only cohort (n ¼ 8) (P ¼ .04). No significant difference was found between the presence of an off-track Hill-Sachs lesion with the rate of recurrence within each cohort (remplissage, P ¼ .11; Bankart-only, P ¼ .23). When the the total number of suture anchors used per procedure was compared, no difference was found between patients who reported recurrence (5.5 ± 0.7 anchors) versus those who reported no recurrence (5.3 ± 1.6 anchors) in the remplissage cohort (P ¼ .653). In the Bankart-only cohort, a trend was found toward more suture anchors used in patients who did not report recurrence (7 ± 2.8 anchors) versus those who reported recurrence (4.9 ± 1.2 anchors) (P ¼ .058).
In the remplissage cohort, 2 patients with off-track Hill-Sachs lesions had recurrent shoulder dislocations and subsequently underwent a Latarjet procedure because of significant glenoid bone loss sustained after the index procedure. A third patient denied a history of recurrence but did not complete patient surveys.
In the Bankart-only cohort, 7 patients reported subsequent frank shoulder dislocation on the operative side and 4 patients underwent a secondary surgery (revision Bankart or remplissage). An eighth patient complained of her shoulder "slipping out of place" but without evidence of frank dislocation. Her treatment was defined as a failure for our analysis.
Range of Motion
Because of the retrospective nature of the cohort, range of motion data were not available for all patients. No significant difference was found between the cohorts in comparisons of postoperative FF, ER, and IR (P ¼ .99, .303, and .99, respectively) ( Table 2 ). In the remplissage cohort at a mean follow-up visit of 5.5 months, 6 patients (42.9%) had FF asymmetry, 8 patients (57.1%) had ER asymmetry, and 7 patients (58.3%) had IR asymmetry. In the Bankart-only cohort at a mean follow-up visit of 2.9 months, 3 patients (42.9%) had FF asymmetry, 1 patient (20%) had ER asymmetry, and 3 patients (50%) had IR asymmetry. One question within the PASS survey asked, "How well can you move your shoulder?" (A score of 10 indicates ability to move without difficulty.) The average score for the remplissage group was 9 and for the Bankart-only group, 8.9 (P ¼ .79).
Patient Surveys
A limited number of remplissage patients had both preoperative and postoperative surveys available (n ¼ 7 for PASS, n ¼ 6 for QuickDASH). When patients in the remplissage cohort were evaluated on preoperative versus postoperative scores, all patients demonstrated improvement in both the PASS and QuickDASH scores, however only the PASS demonstrated a significant difference between preoperative and postoperative scores (53.6 vs 76.6, P ¼ .003). The mean postoperative QuickDASH score improved to 18.9 ± 11.6 from the preoperative 35.2 ± 27.5 (P ¼ .23). The Bankart-only cohort did not have enough available preoperative surveys to analyze purposely.
When the 32 patients with follow-up data were evaluated, no significant difference was found in patient outcome surveys (PASS, QuickDASH, and SANE) between the remplissage and Bankart-only cohorts at a mean follow-up of 2.7 years and 3.8 years, respectively (P ¼ .231) ( Table 2) . Of the 15 patients in the remplissage cohort who were reached, 9 patients reported returning to their primary sport, 2 patients reported that they chose to not return to their sport, and 4 patients said they had not returned to their sport. Of the 17 patients in the Bankart-only group who were reached, 8 patients had returned to their primary sport, 4 patients were unable to return to their sport, and 5 patients lacked this data point. Time to follow-up surveys, y
a Data are reported as % (n/N) or mean ± SD. Range of motion data are from the final follow-up visit available in the medical record; given the retrospective nature of the study, data were not available for all patients. PASS, Pediatric Adolescent Shoulder Score; QuickDASH, shortened version of the Disabilities of the Arm, Shoulder and Hand measure; SANE, Self-Assessment Numerical Evaluation.
b Dislocation was defined as dislocation of the glenohumeral joint with the need for reduction.
c Asymmetry for forward flexion and external rotation was defined as >10 difference compared with the contralateral side. d Asymmetry for internal rotation as defined was >1 spinal level difference compared with the contralateral.
DISCUSSION
Prior literature has demonstrated that a history of multiple dislocations is an important predictor of poor outcomes following arthroscopic stabilization procedures. 13, 25, 27 The results from this study demonstrate that an arthroscopic remplissage procedure is an effective surgical option for adolescents with recurrent anterior shoulder dislocations and a Hill-Sachs lesion without significant glenoid loss. These results are comparable with the current published literature in adult patients. A similar article by Garcia et al 12 exhibited significantly different recurrence rates between groups after remplissage (2/21, or 9%) and Bankart (7/19, or 36%) at an average follow-up of 40.7 months and 31.6 months, respectively. Both the current study and the study by Garcia et al 12 demonstrated improved outcome scores and decreased rate of recurrence in the remplissage group when compared with the Bankart-only cohort. A systematic review of arthroscopic remplissage for Hill-Sachs demonstrated a 5.4% recurrence rate (9/167 patients). 6 The recurrence rate in the present study was similar to that observed by Garcia et al 12 and only slightly higher than other studies looking at the high-risk adolescent population. 6 The recurrence rates in both the current and the Garcia et al 12 studies were significantly less than the rates in their respective Bankart-only cohorts.
The 2 patients in whom the remplissage procedure failed and who subsequently underwent a Latarjet procedure had known glenoid bone loss (16% and 18%). While multiple authors have attempted to identify a "critical" bone loss threshold that predisposes to arthroscopic stabilization failure, this value remains controversial in the adult population and is even more poorly understood in the pediatric population. Some authors have suggested a threshold of 20% to 25%, but more recent data suggest that bone loss greater than 13.5% in higher level athletes will lead to worse patient-reported outcomes regardless of recurrence of instability. 25 Based on our limited data, it appears that this lower percentage loss may indeed be a higher risk of subsequent instability, but multiple factors can play a role in the ultimate outcome. For example, a biomechanical study by Arciero et al 1 demonstrated the importance of considering the combined humeral and glenoid osseous defects when shoulder instability recurs and the probability of Bankart failure with both defects is high. Therefore, our study supports this same idea that a remplissage and Bankart repair is less effective in the presence of significant glenoid loss (bipolar lesions), but the amount of bone loss that can be considered significant remains to be determined.
The remplissage procedure is a nonanatomic tenodesis of the infraspinatus tendon and posterior capsule to "fill in" the humeral head defect. As mentioned previously, the patients who typically undergo a remplissage procedure are young, active males. Thus, postoperative range of motion (particularly ER and IR) and strength are a concern for these patients to return to athletics. A study by Deutsch and Kroll 8 found a significant decrease in ER in 1 patient (decrease of 30 of ER from the preoperative value). This patient required a subsequent surgical release. 8 Wolf and
Arianjam 29 reported their 2-to 10-year follow-up data after arthroscopic remplissage and demonstrated no significant decrease in range of motion in any plane. The decreased range of motion in the remplissage cohort in the current study was found early in follow-up and did not appear to negatively affect the patients' perceived motion, based on the results of the patient surveys. In addition, no significant difference was found in postoperative range of motion between the remplissage and Bankart-only cohorts. The present study did not demonstrate any significant difference in the amount of final range of motion asymmetry between patients having undergone remplissage repair or a Bankart repair alone.
This study has several limitations, including lack of randomization and the retrospective method. Even though the current data did not indicate a significant difference in the number of suture anchors used between the 2 surgical cohorts, one might speculate a difference in the character and size of the Bankart lesions (larger in the Bankart-only group) given that the same number of anchors was used to complete both types of surgery. The study results are limited by the small sample size, and a larger cohort is needed to determine significant correlations regarding outcomes; however, the significant difference in recurrence rate indicates that the type II error (power) was acceptable for this variable. The patients who have these injuries and procedures are a mobile population, which limits long-term clinical examination follow-up. The current study had limited preoperative patient-reported surveys, and it was difficult to objectively compare preoperative and postoperative patient-reported outcomes in both treatment cohorts. Furthermore, duration of follow-up differed between the groups, even though it was not statistically significant, and slightly more posterior injury was seen in the Bankart-only cohort.
In conclusion, the addition of a remplissage procedure (when compared with an isolated Bankart repair) is an effective surgical option for adolescents with recurrent anterior shoulder instability and a Hill-Sachs lesion without significant glenoid loss. However, the addition of a remplissage procedure does not reliably prevent recurrence if glenoid bone loss is present, creating a bipolar lesion. Further studies are encouraged to examine longer follow-up times and outcomes as surgical technique and technology evolve. Yet, it is safe to conclude that outcomes are improved in adolescent patients treated with a combination of remplissage and Bankart repair for their recurrent anterior instability.
